Thyroid cancer is a type of endocrine cancers with rapidly increased incidence. Recent studies have indicated long non-coding RNAs (lncRNAs) played crucial roles in thyroid cancer tumorigenesis and progression. However, the roles of most lncRNAs in thyroid cancer were still unclear.
Background
Thyroid cancer is a type of endocrine cancers with rapidly increased incidence. However, the mechanism underlying thyroid cancer progression remains largely unclear. Long non-coding RNA (lncRNA) is a kind of non-coding RNA transcript longer than 200 bps. Recent studies have shown that lncRNAs plays crucial roles in thyroid cancer tumorigenesis and progression. For example, Huang et al. found that the lncRNA MALAT1 (metastasis associated lung adenocarcinoma transcript 1) was upregulated and promoted cell proliferation and invasion of thyroid cancer by increasing IQGAP1 (IQ motif containing GTPase activating protein 1) expression [1] . Several other lncRNAs, such as HIT000218960 [2] , NR_036575.1 [3] , and LOC100507661 [4] , were also associated with thyroid cancer growth and metastasis. However, the roles of most lncRNAs in thyroid cancer are still unknown.
ZFAS1 (ZNFX1 antisense RNA 1) is a novel lncRNA identified to be dysregulated in human cancers, including breast cancer [5] , gastric cancer [6] , and colorectal cancer [7] . ZFAS1 was first described as a tumor suppressor in breast cancer. Of note, most publications have shown that ZFAS1 serves as an oncogene. In hepatocellular carcinoma, ZFAS1 promoted cancer metastasis by binding miR-150 to induce ZEB1 (zinc finger E-box binding homeobox 1), MMP14 (matrix metalloproteinase 14) , and MMP16 expression [8] . In gastric cancer, ZFAS1 was found to be associated with proliferation, cell cycle, apoptosis, and epithelial-mesenchymal transition [9] . Similarly, it was shown that ZFAS1 could also promote cell growth and metastasis in breast cancer [5] . However, the expression pattern and function roles of ZFAS1 in thyroid cancer progression are still unclear.
Competitive endogenous RNA (ceRNA) hypothesis proposes that RNA modules, including lncRNAs, lncRNAs pseudogenes, and mRNAs could crosstalk with each other by competitively binding to microRNAs (miRNAs). Studies have suggested that the ceRNA mechanism plays crucial roles in cancer progression. For example, the BRAF pseudogene served as a ceRNA to induce lymphoma by regulating the BRAF and MAPK pathway. Wan et al. reported PTCH1-3'UTR promoted non-small cell lung cancer metastasis by activating miR-101-3p/SLC39A6. In thyroid cancer, H19 competitively binds to miR-17-5p to promote cancer progression by inducing YES1 expression.
In the present study, explored the expression of the lncRNA ZFAS1 in thyroid cancer tissues by analyzing TCGA dataset. TCGA is a public platform, which includes more than 30 types of human cancers with their clinicopathological information. TCGA platform was widely used to identify key regulators, mutations, and RNA splicing in human cancers. Furthermore, we performed bioinformatics analysis, such as co-expression, GO (Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes and Genomes) analysis, to reveal the potential roles of ZFAS1 in the development of thyroid cancer. Our study aimed to provide evidence to show ZFAS1 could act as an effective therapeutic strategy for thyroid cancer.
Material and Methods

TCGA dataset analysis
We used data from TCGA data portal and GSE50901 [10] , GSE33630 [11, 12] , and GSE29265 to analysis the expression of ZFAS1 in thyroid cancer. GSE50901 was uploaded by BarrosFilho which contains 57 papillary thyroid carcinomas with a reference sample (pool of 9 adjacent normal thyroid tissue) and 4 papillary thyroid carcinomas against 4 matched adjacent normal thyroid tissues. GSE33630 and GSE29265 were contributed by Tomas: GSE33630 contains 11 anaplastic thyroid carcinomas, 49 papillary thyroid carcinomas, and 45 normal thyroids; GSE29265 contains 9 anaplastic thyroid carcinomas, together with 20 papillary thyroid carcinomas paired with their respective normal adjacent tissues.
TNM tumor classification system was developed and maintained by the Union for International Cancer Control. TNM is a notation system that describes the stage of a cancer, which originates from a solid tumor, using alphanumeric codes: T describes the size of the original (primary) tumor and whether it has invaded nearby tissue, N describes nearby (regional) lymph nodes that are involved, M describes distant metastasis (spread of cancer from one part of the body to another).
ZFAS1 mediated ceRNA networks
Competitive endogenous RNA (ceRNA) hypothesis proposes that RNA modules, including lncRNAs, lncRNAs pseudogenes, and mRNAs could crosstalk with each other by competitively binding to miRNAs. In this study, we constructed the ceRNA networks based on the ceRNA hypothesis. We used the Pearson correlation coefficient to determine the expression correlation. The ZFAS1-mRNA pairs which Pearson correlation coefficient are higher than 0.2 were chosen for analysis. ZFAS1 targeting miRNAs and mRNAs were analyzed by using starBase datasets.
Co-expression network construction and analysis
Co-expression network was constructed to explore the relationship between the lncRNAs and mRNAs. The Pearson correlation coefficient was calculated and the absolute value of the Pearson correlation coefficient ³0.3 was picked out as meaningful. The co-expression network was illustrated using Cytoscape.
GO and KEGG pathway analysis
Molecule Annotation System (MAS, http://bioinfo.capitalbio. com/mas3/) is a web-based software toolkit for a whole data mining and function annotation solution to extract and analyze biological molecules relationships from public knowledgebase of biological molecules and signification. We used MAS3.0 system to perform GO and KEGG pathway analysis. A P value £0.05 was considered as significant.
Cell culture and cell transfection
CAL62 and SW579 were cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum (FBS, Gibco) at 37°C in a humidified incubator with 5% CO 2 . On the day before transfection, the cells were harvested and seeded at 5×10 5 cells per well in a 6-well plate. Cells were transfected with small interfering RNA (siRNAs) using Lipofectamine 3000 (Invitrogen). siRNA for ZFAS1 (5'-CCCTGTGCTTTCATGAAAGTGAAGA-3') and for NC (negative control) were purchased from BioTNT.
Real-time reverse transcription PCR (qRT-PCR) analysis
Total RNAs were extracted using Ultrapure RNA Kit (CWBIO, China) to extract RNAs. PrimeScript RT Reagent Kit (TaKaRA, China) was used for reverse transcript PCRs. The Ct values were normalized using b-actin as an internal control to estimate the differential expression of genes. Relative mRNA expression was calculated using the 2 -DDCt method. Each sample was run in triplicate to ensure quantitative accuracy. Primers for ZFAS1 were: forward, 5' AAGCCACGTGCAGACATCTA 3', reverse, 5' CTACTTCCAACACCCGCATT 3'.
Cell proliferation assay
Cell Counting Kit-8 (CCK-8) assays were conducted to measure the cell proliferation. CCK-8 allows sensitive colorimetric assays for the determination of the number of viable cells in cell proliferation and cytotoxicity assays by using WST-8. Cell proliferation was determined at each indicated time points. The certain number of cells were seeded in 96-well plates and cultured in media containing 10% FBS. Absorbance was determined by a plate reader at a wavelength of 450 nm. The absorbance at 450 nm was selected as a reference. Triplicate wells were measured in each group to improve the accuracy.
Cell cycle assay
Flow cytometric analyses were performed as cell cycle assay to define the cycle distribution. Cells cultured in 10 cm dishes were trypsinized, harvested, then washed with phosphate-buffered saline (PBS) and fixed with 70% ethanol at 4°C for 2 hours. Cells were centrifuged and washed with PBS, then stained for DNA content in the propidium iodide/RNase I staining solution for 30 minutes in the dark. Cell cycle was analyzed using a flow cytometer.
Statistical analysis
Statistical comparisons between 2 groups were performed using t-test or Mann-Whitney U test according to the test condition. For more groups, one-way ANOVA followed by Newman-Keuls posthoc test was used. A value of P<0.05 was considered statistical significance.
Results
Long non-coding RNA ZFAS1 was upregulated in human thyroid cancer
To determine the biological effect of ZFAS1, we analyzed TCGA dataset downloaded from cBioPortal [13, 14] (http://www.cbioportal.org/), which included matched normal tissues (n=58) and thyroid cancer samples (n=510). It can be observed in Figure 1A and 1B that the level of ZFAS1 was significantly overexpressed in thyroid cancer tissues with respect to that in the non-cancerous tissues. Of note, this finding was further confirmed by 3 independent GEO datasets, including GSE50901 ( Figure 1C ), GSE29265 ( Figure 1D, 1E) , and GSE33630 ( Figure 1F ). These results suggested ZFAS1 expression was upregulated in human thyroid cancer.
Upregulation of ZFAS1 was correlated with clinicopathological features in thyroid cancer
Next, we explored the association of ZFAS1 expression with clinicopathological features of thyroid cancer by analyzing the Figure 2D ). Interestingly, we observed ZFAS1 was upregulated in recurred thyroid cancer samples compared to recurrence-free thyroid cancer samples ( Figure 2E , P<0.01). In order to explore whether ZFAS1 could serve as an early diagnosis, we compared the expression levels of ZFAS1 in all grade thyroid cancer samples to that in normal samples. Interestingly, we observed ZFAS1 was upregulated in earlier stages of thyroid cancer samples. These results suggested that ZFAS1 could serve as a new prognostic factor in thyroid cancer patients. 
Knockdown of ZFAS1 inhibited cell proliferation and arrested cell cycle in thyroid cancer
Furthermore, the CCK-8 assay was performed to evaluate the effect of ZFAS1 on cell proliferation. As shown in Figure 3A and 3B, we observed the proliferative viability of CAL62 and SW579 cells interfered with si-ZFAS1 was significantly suppressed. We also detect the percentage of thyroid cancer cells at G1, S, and G2 phases following ZFAS1 knockdown. From Figure 3C -3F, we found ZFAS1 knockdown significantly arrested cell cycle in SW579 and CAL62 cells by increasing G1 phase cells population and decreasing S and G2/M phase cells population.
Bioinformatics analysis of ZFAS1 in thyroid cancer
Co-expression analysis was widely used to explore the potential roles of lncRNAs in human diseases. Considering that ZFAS1 was a novel lncRNA in thyroid cancer, we constructed ZFAS1 mediated co-expression network to identify its potential mechanisms. The absolute value of the Pearson correlation coefficient ³0.30 was selected as a cutoff to identified reliable ZFAS1-mRNA pairs. A total of 698 mRNAs were included in this network.
We next performed GO and KEGG pathway analysis based on the co-expressed genes of ZFAS1 by using the DAVID system (https://david.ncifcrf.gov/tools.jsp). GO analysis revealed that ZFAS1 positively co-expressing genes were involved in translation, rRNA processing, spliceosomal snRNP assembly regulation ( Figure 4A ), and ZFAS1 negatively co-expressing genes were involved in regulating intra-Golgi vesicle-mediated transport, retrograde transport, endosome to Golgi, protein deubiquitination, forebrain development, peptidyl-serine phosphorylation, vesicle-mediated transport, and ubiquitin ( Figure 4C ). KEGG pathway analysis showed ZFAS1 was involved in regulating ribosome, spliceosome, RNA transport, proteasome, pyrimidine metabolism, purine metabolism, RNA polymerase, ubiquitin mediated proteolysis, RNA polymerase, FoxO signaling pathway, terpenoid backbone biosynthesis, basal transcription factors, cGMP-PKG signaling pathway, endocytosis, neurotrophin signaling pathway, focal adhesion, and cell cycle ( Figure 4B, 4D) .
Construction of ZFAS1-mediated ceRNA network in thyroid cancer
Previous studies have suggested that lncRNAs could serve as competing endogenous RNAs in cancer cell. Here, we also constructed ZFAS1-related ceRNA networks in thyroid cancer. We first predicted ZFAS1 targeting miRNAs and mRNAs by using starBase datasets. Next, we constructed ZFAS1-related ceRNA networks based on positive related ZFAS1-target (Pearson score ³0.45) pairs. As shown in Figure 5A , a ZFAS1-related ceRNA network was constructed for thyroid cancer. Two miRNAs (hsa-miR-150-5p and hsa-miR-590-3p) and 137 mRNAs were included in this ceRNA network.
Furthermore, we used Cytoscape ClueGo plug-in to explore the potential roles involved in ZFAS1-mediated ceRNA network. We found ZFAS1-mediated ceRNA network was associated with in regulating DNA replication, transcription, mitotic sister chromatid separation, and translation ( Figure 5B ).
Discussion
LncRNAs have been implicated to be an important regulator in thyroid cancer. A series of lncRNAs, such as H19 [15] , CNALPTC1 [16] , AFAP1-AS1 [17] , GAS8-AS1 [18] , and TUG1 [19] , have been associated with cell proliferation, migration, and invasion regulation. A recent study showed lncRNAs, such as PTCSC3 [20] , could also affect drug resistance in thyroid cancer. Of note, a few studies indicated that lncRNAs was associated with cancer progression and could serve as biomarkers for thyroid cancer. For example, lncRNA SPRY4-IT1 was observed to be overexpressed and correlated with poor prognosis in thyroid cancer [21] . In the present study, we demonstrated for the first time that ZFAS1 was overexpressed in thyroid cancer tissues and associated with associated with age, lymph node metastasis, and histological type in thyroid cancer. In order to explore whether ZFAS1 could play a role in early diagnosis, we compared the expression level of ZFAS1 in all grades of thyroid cancer samples to that in normal samples. Interestingly, we observed ZFAS1 was upregulated in the earlier stage thyroid cancer samples. Importantly, higher ZFAS1 expression levels was significantly associated with shorter recurrence-free survival time in thyroid cancer. These results suggested ZFAS1 could serve as a biomarker for thyroid cancer.
ZFAS1 has been found to play crucial roles in the progression of many different human cancers. ZFAS1 was identified as a novel biomarker for the diagnosis of hepatocellular carcinoma [22] , prostate cancer [23] , non-small cell lung cancer [24] , and glioma [25] . Although Askarian et al. [26] first reported that ZFAS1 serves as a tumor suppressor, most reports have identified ZFAS1 as an oncogenic gene in human cancers. Xie et al. found lncRNA ZFAS1 promoted cell proliferation and invasion in colorectal cancer [27] . However, the roles of ZFAS1 in thyroid cancer remained unknown. Here, we performed cellular experiments to explore its roles and found ZFAS1 knockdown suppressed the proliferative ability by inducing cell cycle arrest. Inducing the cell cycle arrest is a wellknown anti-cancer mechanism. Dysregulation of cell cycle progression subverts the dynamic balance of cell proliferation and cell death, thereby leading to cancer development. Emerging studies suggest that lncRNAs are involved in the regulation of cell cycle progression. For instance, GAS5 regulated cell cycle arrest in human neuroblastoma. And Linc00152 was found to be involved in cell cycle arrest in gastric cancer. Here, we found knockdown of ZFAS1 significantly increased the percentage of G1 phase cells but decreased the percentage of S phase cells. Our results were consistent with previous findings that ZFAS1 played oncogenic roles in human cancers.
The mechanisms involved in ZFAS1 regulating cancer progression have been identified by several groups. ZFAS1 was found to act as a ceRNA, which could sponge miR-329 [28] , miR-150 [29] , and miR-484 [30] to promote their targets. In addition, Xu et al.
found that ZFAS1 could block Wnt/b-catenin signaling in gastric cancer proliferation and metastasis [31] . Nie et al. found that ZFAS1 could epigenetically repress KLF2 and NKD2 expression in gastric cancer. In the present study, we performed a co-expression analysis for ZFAS1 to explore potential roles of lncRNAs; such methods are widely applied in various human diseases [32] . We observed ZFAS1 were significantly associated with translation, rRNA processing, intra-Golgi vesicle-mediated transport, retrograde transport, endosome to Golgi, protein deubiquitination, ribosome, spliceosome, RNA transport, ubiquitin mediated proteolysis, RNA polymerase, and FoxO signaling pathway. Moreover, we constructed a ZFAS1-mediated ceRNA network in thyroid cancer that included 2 miRNAs (hsa-miR-150-5p and hsa-miR-590-3p) and 137 mRNAs. Bioinformatics analysis revealed this ceRNA network was involved in regulating DNA replication, transcription, mitotic sister chromatid separation, and translation.
Conclusions
Our study demonstrated that ZFAS1 was highly expressed and correlated with poor prognosis in thyroid cancer. Knockdown of ZFAS1 was observed to suppress cell proliferation and cell cycle.
